TITLE OF THE INVENTION 
STACKED TYPE SEMICONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2002-286515, filed September 30, 2002, 
the entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a stacked type 
semiconductor device having a plurality of stacked 
semiconductor integrated circuit chips. 

2. Description of the Related Art 

In response to demands for a reduction in the size 
of electronic equipment, a stacked type semiconductor 
device (multichip device) has been proposed which has a 
plurality of stacked semiconductor integrated circuit 
chips (LSI chips) . 

It is contemplated that if a stacked type 
semiconductor device is manufactured, chips may be 
individually subjected to operation tests so that only 
normal chips can be sorted out and stacked. However, 
testing the individual chips increases the time and 
effort required for the tests. This may create 
problems such as an increase in costs and a delay in 
delivery. 
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To solve these problems, it is contemplated that 
instead of being individually tested, the chips may be 
stacked before the whole module is tested. However, if 
any one of the stacked chips is defective, the whole 
5 module becomes defective. Consequently, yield may 

decrease, which increases the costs. Further, every 
chip may be provided with a redundancy circuit. 
However, since each chip is provided with the extra 
circuit, the costs also increase. 
10 Therefore, it has hitherto been difficult to 

obtain a stacked type semiconductor device which 
enables stacked chips to be tested and which can 
prevent a decrease of yield and an increase of extra 
circuit . 

15 As a prior art technique, Japanese Patent 

No. 2760188 discloses a technique by which one chip has 
a plurality of functional blocks so that a defective 
block can be replaced with another chip. Specifically, 
chips are produced beforehand each of which has 

20 a mirror symmetrical relationship with a corresponding 

functional block. Then, on a defective functional 
block, the corresponding mirror symmetrical chip is 
stacked. However, the mirror symmetrical chips must be 
tested before being stacked. This may increase 

25 the required time and effort. Further, the mirror 

symmetrical chip must be produced for every functional 
block. This may also increase the required time and 



effort . 

Jpn. Pat. Appln. KOKAI Publication No. 2000-349229 
discloses a technique of constructing a stacked type 
DRAM by combining defective chips (partial chips) for 
which part of an address space does not function 
correctly. However, this technique requires the chips 
to be tested before stacking in order to check whether 
or not they are defective. This may increase the 
required time and effort. 

Jpn. Pat. Appln. KOKAI Publication No. 5-283606 
discloses a semiconductor device having a plurality of 
stacked DRAM chips each of which is provided with 
a redundancy circuit. However, since every chip is 
provided with the redundancy circuit, this technique is 
very wasteful. As a result, the costs may increase. 

In this manner, although the stacked type 
semiconductor devices have been proposed each of which 
has a plurality of stacked semiconductor integrated 
circuit chips, it has hitherto been difficult to obtain 
a stacked type semiconductor device which enables 
stacked chips to be tested and which can prevent 
a decrease of yield and an increase of extra circuit. 
BRIEF SUMMARY OF THE INVENTION 

According to an aspect of the present invention, 
there is provided a stacked type semiconductor device 
comprising a predetermined semiconductor integrated 
circuit chip and at least one semiconductor integrated 
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circuit chip which are stacked, the at least one 
semiconductor integrated circuit chip including a group 
of circuit blocks, and the predetermined semiconductor 
integrated circuit chip comprising a storage section 
5 configured to store defect information indicative of 

a defective circuit block if the group includes the 
defective circuit block and a replacement circuit 
section configured to replace the defective circuit 
block. 

10 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG, 1 is a diagram schematically showing 
an example of a configuration of a stacked type 
semiconductor device according to an embodiment of 
the present invention; 
15 FIG. 2 is a block diagram showing an example of 

an internal configuration of a semiconductor integrated 
circuit chip (particular chip) according to the 
embodiment of the present invention; 

FIGS. 3A to 3C are diagrams each showing an 
20 example of an internal configuration of a semiconductor 

integrated circuit chip (non-particular chip) according 
to the embodiment of the present invention; 

FIG. 4 is a block diagram showing an example of 
an internal configuration of a semiconductor integrated 
25 circuit chip (non-particular chip) according to the 

embodiment of the present invention; 

FIG. 5 is a block diagram showing a specific 
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example of the input and output control section shown 
in FIG, 4; 

FIG . 6 is a block diagram showing an example of 
an internal configuration of a semiconductor integrated 
5 circuit chip (particular chip) according to the 

embodiment of the present invention; and 

FIG. 7 is a flow chart showing a manufacturing 
method for a stacked type semiconductor device 
according to the embodiment of the present invention. 
10 DETAILED DESCRIPTION OF THE INVENTION 

An embodiment of the present invention will be 
described with reference to the drawings. 

FIG. 1 is a diagram schematically showing 
an example of a configuration of a stacked type 
15 semiconductor device according to an embodiment of 

the present invention. 

The device has semiconductor integrated circuit 
chips 20, 30i, and 302 stacked on a base substrate 
(package substrate, foe example) 10. Bumps (conductive 
20 connection member) 40 are provided between them. The 

semiconductor integrated circuit chips 20, 30^, and 302 
are each provided with a plurality of through plugs 
(not shown) that penetrate the semiconductor substrate. 
Circuits on the chips are electrically connected 
25 together via these through plugs and bumps 40. In the 

description below, for convenience, the chip 20 may be 
referred to as a "particular chip (predetermined 



chip)". The chips and 30 2 may be referred to 

non-particular chips. Further, the number of 
non-particular chips is one or more, preferably two or 
more . 

The semiconductor integrated circuit chips 20, 
30^, and 30 2 will be described below in brief with 
reference to FIGS. 2, 3, and 4. 

FIGS. 3A to 3C are diagrams showing examples of 
a semiconductor integrated circuit chip (non-particular 
chip) 30 (corresponding to the semiconductor integrated 
circuit chip 30^ or 30 2 ) ♦ 

As shown in the figures, the chip 30 includes 
circuit blocks 31a to 31d. FIG. 3A shows an example of 
a chip (logic-based chip) in which each of the circuit 
blocks 31a to 31d is composed of a logic circuit block. 
FIG. 3B shows an example of a chip (memory-based chip) 
in which each of the circuit blocks 31a to 31d is 
composed of a memory circuit block. FIG. 3C shows an 
example of a chip (mixed chip) in which the circuit 
blocks 31a and 31b are each composed of a logic circuit 
block and in which the circuit blocks 31c and 31d are 
each composed of a memory circuit block. The logic 
circuit block is configured to perform a predetermined 
operation using a combination of logic circuits. The 
memory circuit block has a structure in which memory 
cells selected on the basis of address information are 
arranged. 



In the non-particular chip 30 shown in FIGS. 3A to 
3C, an arbitrary combination of chips can be stacked. 
That is, only the same type of chips such as only 
logic- or memory-based chips or mixed chips may be 
stacked or different types of chips may be stacked. 

If one or more non-particular chips 30 contain 
both logic circuit blocks and memory circuit blocks, 
there are a group of logic circuit blocks and a group 
of memory circuit blocks. The circuit blocks included 
in the group of logic circuit blocks normally have 
different circuit configurations and perform different 
circuit operations. The circuit blocks included in the 
group of memory circuit blocks may have different 
circuit configurations but normally have equivalent 
circuit configurations (substantially the same 
configuration) . If different types of memory circuit 
blocks such as DRAM blocks and EE PROM blocks are 
included, then for example, the circuit blocks have 
equivalent circuit configurations within the group of 
DRAM blocks or EE PROM blocks. 

FIG. 2 is a block diagram showing an example of an 
internal configuration of the semiconductor integrated 
circuit chip (particular chip) 20. 

The semiconductor integrated circuit chip 20 
contains a defect information storage section 21, 
a replacement circuit section 22, and a control section 
23 that executes control of the replacement circuit 
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section 22 and the like. 

The defect information storage section 21 stores 
defect information indicative of a defective circuit 
block that may be contained in the chip 30i or 30 2 . 
5 For example, the defect information storage section 21 

stores address information on the defective circuit 
block. On the other hand, if there are no defective 
circuit blocks, this may be stored in the defect 
information storage section 21. 

10 The defect information storage section 21 may be 

formed of, for example, a nonvolatile storage element. 
The nonvolatile storage element may be of an 
electrically writable type, but in the present 
embodiment, is a fuse blown out by external laser 

15 beams. A fuse section is arranged at a position that 

can be irradiated with laser beams. In the present 
example, as shown in FIG. 1, the fuse section 21a is 
arranged in the area in which the chip 20 does not 
overlap the chip 30i or 302- The fuse section 21a has 

20 only to be arranged at the position that can be 

irradiated with laser beams. For example, if the 
particular chip 20 is arranged at the top, the fuse 
section 21a can be arranged at a desired position on 
the surface of the particular chip 20. 

25 The replacement circuit section 22 is used to 

replace a defective circuit block that may be contained 
in the chip 30^ or 302- The replacement circuit 
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section 22 for replacing a logic circuit block may be 
formed of an externally programmable circuit, for 
example, an FPGA (Field Programmable Gate Array) . If 
the chip 30^ or 302 contains a defective logic circuit 
5 block, a circuit equivalent to this defective logic 

circuit block is set (programmed) in the replacement 
circuit section 22. If the chip 30^ or 3C>2 does not 
contain any defective logic circuit blocks, the 
replacement circuit section 22 is kept unprogrammed. 

10 In the replacement circuit section 22 for replacing 

a memory circuit block, a circuit equivalent to the 
memory circuit block is formed before chip stacking. 

FIG. 4 is a block diagram showing an example of an 
internal configuration of the semiconductor integrated 

15 circuit chip (non-particular chip) 30. 

The circuit blocks 31a to 31d are connected to the 
input and output control section 32. The input and 
output control section 32 receives defect information 
from the defect information storage section 21 in the 

20 chip 20 to control the input and output relationship 

between the circuit blocks 31a to 31d and the 
replacement circuit section 22 in the chip 20. 
Specifically, if the circuit blocks 31a to 31d include 
a defective circuit block, a signal to be inputted to 

25 the defective circuit block is transmitted to the 

replacement circuit section 22 via the input and output 
control section 32. Further, a signal transmitted from 



the replacement circuit section 22 via the input and 
output control section 32 is used as an output signal 
in place of a signal to be outputted by the defective 
circuit block. 

FIG. 5 is a block diagram showing a specific 
example of the input and output circuit section 32, 
shown in FIG. 4. 

As shown in FIG. 5, the input and output control 
section 32 comprises a selecting section 32a provided 
between the circuit block 31a and a circuit outside the 
circuit block 31a, a selecting section 32b provided 
between the circuit block 31b and a circuit outside the 
circuit block 31b, a selecting section 32c provided 
between the circuit block 31c and a circuit outside the 
circuit block 31c, a selecting section 32d provided 
between the circuit block 31d and a circuit outside the 
circuit block 31d, and a selecting section 32r provided 
between the selecting section 32a to 32d and the 
replacement circuit section 22 in the chip 20. Defect 
information from the defect information storage section 
21 in the chip 20 is inputted to the selecting sections 
32a, 32b, 32c, 32d, and 32r as a selection signal. 

In the description below, for example, the circuit 
block 31a is assumed to be defective. In this case, 
the selecting section 32a receives defect information 
from the defect information storage section 21 to bring 
an input or output signal S a i for the circuit block 31a 



into a non-selected state, while bringing an input or 
output signal S a 2 for the replacement circuit section 
22 into a selected state. As a result, a signal S a 3 to 
be inputted to the circuit block 31a is transmitted to 
the replacement circuit section 22 via the selecting 
section 32r as the signal S a 2 . Further, the signal S a 2 
transmitted from the replacement circuit section 22 via 
the selecting section 32r in place of a signal 
originally to be outputted by the circuit block 31a is 
supplied to the circuit outside the circuit block 31a 
as the signal S a 3. Signals S^i, S c i, and S^i are 
selected for the normal (non-defective) circuit blocks 
other than the circuit block 31a, i.e. the circuit 
blocks 31b, 31c, and 31d. If none of the circuit 
blocks 31a to 31d are defective, the selecting sections 
32a to 32d select the signals S a i to S^i* and no 
signals are transmitted to or from the replacement 
circuit section 22. 

The configuration of the input and output control 
section shown in FIG. 5 is applicable to the input 
section, output section, and input and output section 
(such as an I/O terminal of a memory block, which is 
used both as an input and as an output) of either the 
logic circuit block or the memory circuit block. 

For the input of an address signal to the memory 
circuit block and to the replacement circuit for the 
memory circuit block, it is possible to employ 
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a configuration different from that shown in FIG . 5. 
FIG. 6 is a block diagram showing an example of 
an internal configuration of the chip 20 in the case in 
which the different configuration is employed. 
5 In the present example of a configuration, higher 

bits (in the present example, 2 bits) of an address 
signal are used as a block selection signal for the 
circuit blocks (memory circuit blocks) 31a to 31d. 
The address signal is inputted to the non-particular 

10 chip so that its higher bits and lower bits can be used 

to select a memory circuit block and a memory cell 
contained in the memory circuit block. The address 
signal is also inputted to the particular chip 20. 
The defect information storage section 21 of the chip 

15 20 stores, as defect information, address information 

(in the present example, 2-bit information) indicative 
of a defective circuit block. 

When an external address signal is supplied, the 
higher bits (2 bits) of the address signal are 

20 transmitted to a selecting section 24 included in the 

control section 23, shown in FIG. 2. If the higher 
bits of the address signal match the address of 
a defective circuit block stored in the defect 
information storage section 21, i.e. access information 

25 has been transmitted which is required to access the 

defective circuit block, then the selecting section 24 
selects the replacement circuit section 22. The lower 



- 13 - 



bits of the address signal are inputted to the 
replacement circuit section 22 . Consequently, in the 
replacement circuit section 22, the memory cell 
corresponding to the designated address is selected. 
5 Data is then written in or read from the selected 

memory cell. Input and output sections of the 
replacement circuit section 22 is connected to the 
input and output control section 32, shown in FIG. 4. 
Accordingly, operations of transmitting and receiving 
10 data are performed via the input and output control 

section 32. 

In this manner, in the above example, the address 
signal the higher bits of which are used to select 
a memory circuit block is supplied not only to the 

15 non-particular chip but also to the particular chip. 

The use of such an arrangement eliminates the need to 
use a circuit such as the one shown in FIG. 5, for the 
input of the address signal. If, in addition to the 
address signal, a block selection signal is inputted 

20 which selects a memory circuit block, it is also 

possible to employ a configuration free from a 
configuration such as the one shown in FIG. 5, for the 
input of the address signal and block selection signal. 
Now, with the flow chart shown in FIG. 7, 

25 description will be given of a manufacturing method for 

a stacked type semiconductor device according to the 
present embodiment. In the description below, it is 
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assumed that the stacked type semiconductor device 
includes both logic circuit blocks and memory circuit 
blocks . 

First, semiconductor integrated circuit chips are 
5 stacked on a base substrate (SI) . Subsequently, with 

the chips stacked, the whole module is tested (S2) . 
Then, it is determined on the basis of the results of 
the test whether or not there are any defects (S3) . 
If there are no defects, the process shifts to a final 

10 test, described later. If there is a defect, defect 

information is written in the defect information 
storage section 21 (S4) . Then, it is determined 
whether or not the defect is occurring in a logic 
circuit block (S5) . If the defect is not occurring in 

15 any logic circuit blocks, i.e. if the defect is 

occurring in a memory circuit block, then the process 
shifts to the final test, described later. If the 
defect is occurring in a logic circuit block, a circuit 
equivalent to the defective logic circuit block is set 

20 in the replacement circuit section 22. For example, if 

an FPGA is used as the replacement circuit section 22, 
the circuit equivalent to the defective logic circuit 
block is programmed in the FPGA (S6) . Subsequently, 
the final test is carried out to determine whether or 

25 not the whole module is acceptable (S7) . 

As described above, according to the present 
embodiment, the predetermined chip (particular chip) is 
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provided with the storage section that stores defect 
information used to identify a defective circuit block 
in another chip (non-particular chip) and the 
replacement circuit section used to replace the 
5 defective circuit block. Thus, if the chips are 

stacked and then the whole module is tested to detect 
a defective circuit block, the replacement circuit 
section can be used to recover the defective circuit 
block. This makes it possible to reduce the time and 

10 effort required for the tests, while increasing the 

yield of the whole module. Further, the replacement 
circuit section, provided in the predetermined chip, 
can be shared by the plurality of circuit blocks. 
It is thus possible to minimize the amount of circuits 

15 for replacement. Therefore, an excellent stacked type 

semiconductor device is obtained which can prevent 
a delay in delivery and an increase in costs. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 

20 the invention in its broader aspects is not limited to 

the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 

25 defined by the appended claims and their equivalents. 



